SUMMARY Tolerance to penicillin was investigated in 40 isolates of optochin-resistant, a-haemolytic streptococci. Thirteen strains exhibited tolerance to penicillin (MBC:MIC ratio 32) when stationary phase inocula were used, but only seven strains retained the tolerance phenotype in experiments with logarithmic phase inocula. There was a striking association between tolerance and Eagle's optimum dosage effect, particularly among strains that displayed tolerance in both the stationary and the logarithmic growth phases. Sequential viable counts on representative strains showed that reliance on the arbitrary criterion of bactericidal activity of 99'9% reduction of the original inoculum after 24 hours' exposure may occasionally lead to difficulties in the recognition of penicillin tolerance. In general, however, the 99-9% killing criterion provided a useful discriminator between strains that were rapidly killed by penicillin and those (tolerant strains) in which the bactericidal activity was much reduced.
Organisms said to be "tolerant" to penicillin or other bactericidal agents are susceptible to inhibition of growth by the antibiotic, but the lethal effect is abolished or much reduced.'2 The clinical implications of tolerance to penicillin are uncertain, but if the phenomenon has any relevance it is likely to be in those conditions in which the use ofbactericidal agents is essential for therapeutic success. One such condition is bacterial endocarditis in which viridans streptococci derived from the normal oral flora are commonly incriminated, and in which benzylpenicillin is the mainstay of treatment. 3 We examined 40 strains of viridans streptococci isolated from sputum cultures. The isolates were identified to species level and tested for tolerance to benzylpenicillin in broth titrations. Selected isolates were also tested by sequential viable counting. As tolerance may be associated with Eagle's optimal dosage effect4 and as the growth phase of the inoculum is known to affect the expression of tolerance6 we have examined the association between these factors and tolerance in our isolates.
Material and methods

BACTERIA
Forty strains of optochin-resistant, a-haemolytic streptococci were randomly isolated from sputum specimens received in Nottingham Public Health Laboratory. The 
Results
Of the 40 isolates of viridans streptococci, 20 were identified by the API 20 strep system as S sanguis II; the remainder were S sanguis I/I (six strains), S sanguis I/2 (five strains) and S mitis (nine strains).
The MIC of benzylpenicillin for the 40 isolates ranged from 0-03 to 4 mg/l; the MBC range was 0 03 to >64 mg/l (table 1). For 13 strains, the MIC of benzylpenicillin was > 0-12 mg/I, indicating reduced susceptibility to the antibiotic. There was no correlation between species and MIC, nor between MIC and possession of the tolerance phenotype.
Overall, 13 of the 40 strains (32-5%) were scored as tolerant (MBC:MIC ratio >32) when a stationary phase inoculum was used and seven of the 40 strains (17-5%) when a logarithmic phase culture was used to provide the inoculum. None of the six S sanguis I/1 isolates was found to be tolerant to penicillin. The proportion of tolerant strains among the other species varied depending on whether a stationary phase or a logarithmic phase culture was used as the source of the inoculum (table 2). All seven strains that exhibited tolerance when tested in the logarithmic growth phase also seemed to be tolerant when stationary phase cultures were used. SsanguisI/I (n = 6) 0 0 Ssanguisl/2(n = 5) 3 2 Ssanguisl(n = 20) 6 5 Smitis(n = 9) 4 0 All species(n = 40) 13 7
The percentage of colony forming units surviving overnight exposure to 64 mg benzylpenicillin/l was 0-02 or less for most non-tolerant strains. The range of survivors among tolerant strains was 0 1 to 0-63% with a mean of 0-28%. The mean survival of the 13 tolerant strains was reduced to 0 15% in experiments in which logarithmic phase cultures were used as inoculum. Even for the seven strains that remained tolerant under these conditions, the mean survival was reduced from 0 33% to 0 26%.
EAGLE EFFECT
With many non-tolerant strains the number of survivors after overnight incubation was too small to assess the presence or absence of any optimal dosage effect. The Eagle effect, however, was not displayed by any of 13 non-tolerant strains in which a sufficient number of survivors was detected.
In experiments with stationary phase inocula seven of the 13 tolerant strains exhibited the Eagle effect in that substantially greater numbers of survivors were detected in high concentrations of penicillin (> 16 MIC) than in concentrations of 2 to 4 MIC. Six of these seven isolates also displayed the tolerance phenotype and the Eagle effect when logarithmic phase organisms were used as inoculum. Conversely, only one of six tolerant isolates that did not exhibit the Eagle effect remained tolerant in experiments with logarithmic phase inocula (fig 1) .
The mean survival percentages for the seven strains that exhibited the Eagle effect were greater than those of the six negative strains in experiments with both stationary phase and logarithmic phase inocula (table   3) . KILLING 
CURVES
Three strains were examined by sequential viable counting, representing a tolerant isolate (S sanguis II), a non-tolerant isolate (S sanguis I/1), and an isolate that exhibited the tolerance phenotype only when a stationary phase inoculum was used (S sanguis 1/2). The results are shown in fig 2. When tested with a stationary phase inoculum, the tolerant S sanguis II isolate was clearly tolerant at all concentrations of penicillin tested in that the viable count was reduced was only evident because of the Eagle effect: concentrations of benzylpenicillin corresponding to 2 or 4 MIC reduced the inoculum about 10 000-fold, but a higher concentration of 64 MIC achieved less than 99 9% killing. At higher concentrations of penicillin the bactericidal effect was further reduced (data not shown).
In contrast, the non-tolerant S sanguis I/l was rapidly killed when a logarithmic phase inoculum was used, the viable count being reduced more than 1000-fold within four hours. In experiments with a stationary phase inoculum the rate of killing was reduced but still exceeded the 99 9% killing threshold for bactericidal activity after overnight exposure. S sanguis I/1, which exhibited tolerance only when tested in the 
Discussion
In an earlier investigation of various types of streptococci5 we found that about half of a small number of viridans streptococci tested exhibited tolerance to penicillin. In this study we have confirmed and extended these findings and have shed further light on the tolerance phenomenon in streptococci of the viridans group. Although the numbers examined were too small to allow firm conclusions to be drawn about the prevalence of tolerance among individual species, it was noteworthy that none of six strains belonging to the S sanguis I/1 subtype exhibited tolerance; nor did any ofnine strains of S mitis tested in experiments with logarithmic phase inocula.
The influence of growth phase on the expression of the tolerance phenotype has been reported by others6 and is not surprising in view of the fact that penicillin and other inhibitors of bacterial cell wall synthesis require active cell growth 'in order to achieve their bactericidal effect.8 In attempting to relate the findings to the therapeutic situation it should be borne in mind that in vivo active bacterial multiplication probably takes place in established lesions, but not at a logarithmic rate.
The present results also extend further an earlier observation of the relation between tolerance and Eagle's optimum dosage effect.45 In the present investigation not only was an association between the two phenomena observed, but there was a significant correlation between the number of survivors and the presence of the Eagle effect (table 3) . Moreover, six of seven tolerant strains that exhibited the Eagle phenomenon also displayed the tolerance phenotype in both the logarithmic and stationary phases of growth.
Three representative strains were tested by sequential viable counting. The results illustrate the arbitrary nature of the 99 9% killing criterion usually applied to bactericidal activity. Thus penicillin caused a considerable fall in bacterial viability in all three strains with both stationary phase and logarithmic phase inocula and in several cases the degree of killing achieved after 24 hours' exposure fell close to the 99.9% threshold. In experiments with the tolerant S sanguis II strain in which logarithmic phase inocula were used, the decision to score the result as "tolerant" was influenced by the presence of the Eagle effect (fig  2b) .
In the case of streptococci and staphylococci the assessment of viability, and hence the expression of tolerance, is complicated by the fact that viable colony forming units may survive within chains or clumps,9 so that the extent of killing may be underestimated. In these circumstances the validity of the 99 9% killing criterion is even more suspect. None the less strains clearly exist in which the bactericidal activity of penicillin is much reduced compared with fully susceptible strains. This property is characterised by a reduction in the rate of killing by the antibiotic rather than by a failure to kill, and the cut off point of 99-9% killing after 24 hours' exposure is intended to reflect this. The present results suggest that this arbitrary cut offpoint is, perhaps fortuitously, a useful one: survival after exposure of fully susceptible streptococci generally fell much below the 99-9% level, while survival in tolerant strains was usually above this level. In only a few strains did the 99-9% criterion of bactericidal activity produce an equivocal result. 
